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CONDENSER 


BACKGROUND OF THE INVENTION 

This invention relates generally to refrigeration systems and, more 
particularly, to condensers for refrigerators. 

Refrigeration systems typically include a compressor coupled to a 
condenser so that a compressed refrigerant flows to the condenser. See, for example, 
5 U.S. Patent No. 5,711,159. A condenser fan circulates air over a surface of the 
condenser to cool the compressed refrigerant and is powered by a condenser fan 
motor. 

::Jj Condenser surfaces for refrigerators are typically of tube and wire 

+ construction in which a refrigerant tube, or condenser coil, including a plurality of U- 

jfeO shaped segments is attached to a plurality of substantially parallel wires. In one type 
of condenser, a plurality of tube and wire members are placed in parallel rows 
underneath a refrigerator cabinet in an air flow path extending from a front of the 
- refrigerator cabinet. See, for example, U.S. Patent No. 5,592,829 However, this 

^ requires an increased distance between the refrigerator cabinet and a floor to provide 
|A5 adequate air access to the condenser surfaces, and, more importantly, suffers from 
2f reduced efficiency due to unevenly distributed airflow across the condenser surfaces 

S and airflow parallel to the refrigerant tubes and/or wires. Air flowing through a 

relatively small air path through a lower front of the refrigerator produces relatively 
high air velocity and pressure drop of the air, which reduces an airflow rate across the 
20 condenser, increases noise, and reduces condenser efficiency. The reduced condenser 
efficiency results either in a decreased energy efficiency of the refrigerator or an 
increased cost in the condenser because of extra coil that is required to obtain a 
required heat transfer to the air. 

Rectangular or cube shaped condensers have been developed to reduce 
25 the condenser volume and conserve space. See, for example. U.S. Patent No. 
5,685,166. However, these condensers also suffer efficiency losses due to uneven 
airflow over the condenser surfaces and airflow parallel to the condenser surfaces. 
Thus, extra coil is often required to achieve a desired heat transfer to the air. Also, a 
considerable number of U-shaped elbows with small radiuses are required to fabricate 
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the rectangular condenser shape, which increases condenser cost and decreases 
condenser reliability. 

Accordingly, it would be desirable to provide a refrigerator condenser 
that more effectively transfers heat to the air, promotes even air flow across the 
5 condenser surface, reduces the need for extra condenser coil, and avoids the need for 
U-shaped elbows of small radius that compromise condenser reliability and increases 
condenser cost. 

BRIEF SUMMARY OF THE INVENTION 

In an exemplary embodiment of the invention, a refrigerator condenser 
includes a longitudinal axis and a tube and wire member spiraled about the 
•||0 longitudinal axis. A passage extends through the tube and wire member between a 
5 g first end and a second end. The second end is closed to prevent longitudinal air flow 

through the second end. Thus, when used with a condenser fan mounted in the first 
; jj end, air is drawn into the passage substantially perpendicularly to an outside surface 

i=y of the condenser and through the spiraled tube and wire member. The perpendicular 

"15 airflow through the condenser surface maximizes heat transfer to the air, increases the 
43 efficiency of the condenser, and reduces the need for extra coil to achieve a selected 

f ~ heat transfer to the air. Moreover, the spiraled tube and wire member produces a 

pj compact condenser while avoiding the use of small radius elbows that increase the 
y cost of the condenser and reduce condenser reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Figure 1 is a partial plan view of a known condenser tube and wire 

member; 

Figure 2 is an end view of the condenser tube and wire member formed 
into a condenser; 

Figure 3 is a perspective view of the condenser shown in Figure 2; and 
25 Figure 4 is a perspective view of a refrigerator condenser assembly. 
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DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 is a partial top plan view of a known condenser tube and wire 
member 10 fabricated from known methods and materials. Tube and wire member 10 
includes an extended refrigerant tube 12, or condenser coil, attached to a plurality of 
substantially parallel wires 14 extending from a first end 16 to a second end 18. Tube 
12 includes a plurality of U-shaped segments 20 extending substantially 
perpendicularly to wires 14 and joined to one another. The number of U-shaped 
segments 20 is selected to achieve a desired heat transfer rate to air flowing over a 
surface 20 of tube and wire member 10 without excessive pressure drop in refrigerant 
flowing inside refrigerant tube 12. Tube and wire member 10 is substantially flat and 
rectangular, and includes an outer edge 26 and an inner edge 28 at a bend of each U- 
shaped segment 20 of tube 12. Tube connector segments 30 extend from outer edge 
26 for connection to a refrigerator circuit (not shown). It is recognized that other 
known configurations of tube and wire members could be used in alternative 
embodiments within the scope of the present invention. 

Figure 2 is an end view of tube and wire member 10 formed into a 
condenser 40. Outer edge 26 is wrapped around inner edge 28 to form an extended 
rounded shape about a longitudinal axis 42 that is substantially parallel to inner edge 
28 and outer edge 26. An asymmetrically rounded opening 44 is formed between first 
end (not shown) and second end 18 and is substantially constant in cross sectional 
area between the first end and second end 18 of condenser 40. Inner edge 28 is 
positioned a first radial distance R, from longitudinal axis, and outer edge 26 is 
positioned a second radial distance R 2 from longitudinal axis 42 that is greater than 
R,. Tube and wire member second end 18 forms a spiraled edge 46 including a 
number of wraps 48 of tube and wire member 10. Each complete revolution, i.e., 360 
degrees about longitudinal axis 42, of refrigerant tube 12 from inner edge 28 
constitutes one wrap 48. In other words, a new wrap 48 begins when spiraled 
refrigerant tube 12 passes tube and wire member inner edge 28 and begins to overlap a 
portion of refrigerant tube 12 underneath. Thus, a layered condenser surface 24 is 
obtained. While Figure 2 illustrates about two whole wraps 48 of refrigerant tube 12, 
other numbers of wraps, including partial wraps, could be used in alternative 
embodiments, such as three, four, or even more. 

In one embodiment, wraps 48 are layered about longitudinal axis 42 in 
an Archimedes spiral defined by the relationship 
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R = A0 

where A is a selected constant, 0 is an angular distance from a beginning, or center, of 
the spiral, and R is a radial distance to a point in the spiral from the center of the 
spiral. Therefore, R constantly increases along each wrap 48, and a distance between 
5 adjacent wraps 48 us approximately equal from one wrap to the next. In a further 
embodiment, each wrap includes segments of an Archimedes spiral having different 
center points to facilitate manufacturing of spiraled tube and wire member 10. Other 
types of spirals, with or without multiple centers for the wraps, and with or without 
substantially uniform distance between the wraps, are employed in various alternative 
1 0 embodiments without departing from the scope of the invention. 

Q Figure 3 is a perspective view of condenser 40 including rounded opening 44 

'!! about longitudinal axis 42 and illustrating air flow therethrough with arrows. Second 
131 end 1 8 of condenser 40 is closed to prevent air from flowing longitudinally through 
# condenser opening second end 18. A fan blade (not shown) is mounted at condenser 
. |Jf opening first end 16 and driven by a motor (not shown) to draw air through condenser 
111 surface 24 and transfer heat from condenser surface 24 to the air. Because second end 

18 is closed, air is drawn into condenser 40 substantially perpendicular to condenser 
M= surface 24, i.e., substantially perpendicular to both refrigerant tube 12 wires 14, of 

each wrap 48 to maximize heat transfer from condenser surface 24 to the air and 
H increase the efficiency of condenser 40. After flowing substantially perpendicularly 

past refrigerant tubes 12 and wires 14, air converges inside opening 44 and is 

exhausted by the fan blade at first end 16 through opening 44 substantially 

perpendicular to longitudinal axis 42. 

Figure 4 is a perspective view of a refrigerator condenser assembly 60, 
,25 including condenser 40, fan blade 62 and compressor 64. Compressor 64 compresses 

refrigerant supplied by an evaporator (not shown) through a suction line 66. 

Compressor 64 adds work to the refrigerant, which heats the refrigerant before 

flowing into condenser 40, High pressure and high temperature gaseous refrigerant. 

leaves compressor 64 through a discharge port and flows to condenser 40, where high 
30 pressure gaseous refrigerant is cooled to a saturation temperature, eventually 

condensing the refrigerant into a liquid state. 
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A baffle 60 is mounted at condenser second end 18 to prevent 
longitudinal air flow parallel to wires 14 that decreases heat transfer efficiency. Fan 
blade 62 is mounted at condenser first end 16 and draws air through condenser 40 
substantially perpendicular to condenser outer surface 24 and longitudinally after 
condenser 40 and toward compressor 64 to cool compressor 64 as well. In alternative 
embodiments, other closure members besides baffle 66 are used to close condenser 
second end. 

Thus, a compact, energy efficient and inexpensive condenser 40 is 
provided. Condenser 40 is easily fabricated by bending flat tube and wire member 10 
(shown in Figure 1) into a spiral shape, and because air flow is directed substantially 
perpendicularly and evenly through condenser surface 24, condenser outperforms 
condensers of the prior art and reduces the need for extra coil to achieve a desired heat 
transfer to the air. Furthermore, the compactness is achieved without the use of small 
radius elbows connecting evaporator tube segments that tend to increase condenser 
cost and decrease condenser reliability. 

While the invention has been described in terms of various specific 
embodiments, those skilled in the art will recognize that the invention can be practiced 
with modification within the spirit and scope of the claims. 
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WHAT IS CLAIMED IS: 

1 . A method for increasing the efficiency of a refrigerator condenser 
assembly including a tube and wire member having an inner edge and an outer edge, 
said method comprising the steps of: 

forming the tube and wire member into a spiral including first and 
second ends and a longitudinal passageway therebetween; and 

closing the first end, thereby preventing longitudinal air flow through 

the first end. 

2. A method in accordance with Claim 1 wherein said step of forming 
the tube and wire member into a spiral comprises the step of bending a flat tube and 
wire member into a spiral. 

3. A method in accordance with Claim 2 wherein the tube and wire 
member includes a plurality of U-shaped segments attached to a plurality of parallel 
wires, said step of bending the tube and wire member comprises the step of bending 
the plurality of U-shaped tube segments about an axis parallel to the wires. 

4. A method in accordance with Claim 1 wherein said step of forming 
the tube and wire member into a spiral comprises the step of forming a spiral with 
fewer than about five wraps. 

5. A method in accordance with Claim 1 further comprising the step 
of mounting a rotatable fan blade at the second end of the longitudinal opening, the 
fan blade drawing air into the opening substantially perpendicularly to an outer 
surface of the tube and wire member. 

6. A method in accordance with Claim 1 wherein said step of closing 
the first end comprises the step of mounting a baffle over the first end of the tube and 
wire member. 

7. A refrigerator condenser comprising a spiraled tube and wire 

member. 

8. A refrigerator condenser in accordance with Claim 7 wherein said 
spiraled tube and wire member comprises a plurality of U-shaped segments. 
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9. A refrigerator condenser in accordance with Claim 7 wherein said 
spiraled tube and wire member comprises: 

a longitudinal axis; 

a first end; 

a second end; and 

a passage extending through said tube and wire member between said 
first end and said second end, one of said first and second ends being closed. 

10. A refrigerator condenser in accordance with Claim 9 wherein said 
passage is asymmetrically rounded. 

11. A refrigerator condenser in accordance with Claim 7 wherein said 
tube and wire member comprises an inner edge, an outer edge, and a longitudinal axis, 
said inner edge and said outer edge substantially parallel to said longitudinal axis, said 
inner edge a first radial distance from said longitudinal axis, said outer edge a second 
radial distance from said longitudinal axis, said second radial distance larger than said 
first radial distance. 

12. A refrigerator condenser in accordance with Claim 1 1 wherein said 
tube and wire member further comprises a spiraled edge comprising at least one wrap 
of said wire and tube member. 

13. A refrigerator condenser in accordance with Claim 12 wherein 
said spiraled edge comprises between one to about four wraps of said tube and wire 
member. 

14. A refrigerator condenser assembly comprising: 

a spiraled tube and wire member comprising a first end, a second end, 
and a passage therebetween; 

a fan blade mounted at said second end; and 

a closure member mounted at said first end, said closure member 
preventing air from entering said passage through said first end. 
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CONDENSER 

ABSTRACT OF THE DISCLOSURE 

A refrigerator condenser includes a spiraled tube and wire member 
construction to form a substantially longitudinal and rounded passage between a first 
end and a second end. The second end of the condenser is closed, thereby preventing 
longitudinal airflow through the passage and producing airflow into the passage in a 
substantially perpendicular direction to the condenser surface. Heat transfer to the air 
is thereby maximized and efficiency of the condenser is increased. 
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As a below-named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on 
the invention entitled Condenser , the specification of which: 

(check .X is attached hereto. 

one) was filed on as Application Serial No. and was amended on 

(if applicable) 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in accordance 
with Title 37, Code of Federal Regulations, Section 1 .56(a). 

^ I hereby appoint H. Neil Houser, Reg. No. 28,859, Legal Operation, Appliance Park 2-225, Louisville, KY 40225; and 

*f George L. Rideout, Jr., Reg. No. 43,880, Legal Operation, Appliance Park 2-225, Louisville, KY 40225, and H.J. 

|j Policinski, Reg. No. 26,621, General Electric Company, 3135 Easton Turnpike, Bldg. W3D, Fairfield, CT 06431-0001, 

•f jointly, and each of them severally, my attorneys and attorney, with full power of substitution, delegation and 

B revocation, to prosecute this application, to make alterations and amendments therein, to receive the patent and to 

f transact ail business in the Patent and Trademark Office connected therewith. I hereby direct that all correspondence 

t| and telephone calls in connection with this application be addressed to the said H. Neil Houser. General Electric 

p Company , at Appliance Park 2-225. Louisville. Kentucky 40225: . (502) 452-4653 

; y (mailing address) (Telephone No.) 

^ I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
J information and belief are believed to be true; and further that these statements were made with the knowledge that 
"7 willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
^ Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the application 
Af or any patent issued thereon. 
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Residence Louisville, Kentucky 
Citizenship United States 

Post Office Address 1108 Marci Lane. Georgetown. Indiana 47122 
Full name of second joint inventor, if any Alexander Pinkus Rafalovich 

Second Inventor's signature Date 

Residence Louisville, Kentucky 
Citizenship United States 

Post Office Address 338 Flirtation Walk, Louisville, Kentucky 40219 


